Background: In many Western countries, higher rates of cesarean have been described among migrant women compared to natives of receiving countries. We aimed to estimate this difference comparing women originating from France and Sub-Saharan Africa (SSA), identify the clinical situations explaining most of this difference and assess whether maternal origin was independently associated with cesarean risk.
Background
Cesarean delivery is a life-saving procedure in some clinical situations but remains associated with increased risks for mothers and their babies as compared with vaginal delivery. Indeed, previous studies reported increased risks of maternal mortality and morbidity in the short term and in subsequent pregnancies as well as neonatal respiratory morbidity and adverse child health events after a cesarean delivery [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
To avoid unnecessary interventions and risks for the mothers and their babies, health authorities recommend reducing the rates of cesarean by identifying situations with medically unjustified indications [11] [12] [13] [14] . In this perspective, focusing on subgroups known to be at high risk of cesarean section would help to better understand the reasons for this and avoid unnecessary cesarean sections. Migrant women from non-Western countries, despite a wide heterogeneity of this category, appear to be at higher risk than those from host countries, especially women from Sub-Saharan Africa (SSA) [15] [16] [17] . However, whether this more frequent use of cesarean delivery is medically justified remains unclear. A higher prevalence of medical risk factors among those women could be an explanation and needs to be addressed [17, 18] . However, some authors suggest that nonmedical factors such as communication barriers, support during labor and birth, and more distant factors such as low socioeconomic status, may be important determinants of cesarean delivery in these populations [15, 19, 20] . Finally, as described in other health settings, implicit bias in care givers may contribute to differential care [21] .
In a French cohort characterized by a large proportion of women from SSA, we aimed to quantify the difference in rates of cesarean between women from France and from SSA, identify the clinical category explaining most of this difference, and assess whether the differential use of cesarean delivery in SSA women in this clinical category is explained by medical factors.
Methods

Study design
The PreCARE prospective multicenter cohort study took place between 2010 and 2012 in four maternity units in university hospitals in northern Paris (France) [22] . This study, whose primary goal was to assess the association between social deprivation and maternal and perinatal morbidity, was conducted in a geographical area characterized by its high prevalence of social deprivation and a wide multiculturalism.
The regional review board approved the study (CPPIle-de-France III, no. 09.341bis, November 19, 2009 ). Each woman provided oral informed consent, in compliance with French law. This study was supported by grants from Medical Research Foundation (http://www. frm.org/), French Ministry of Health, PHRC 2007 and PHRC 2012 (https://solidarites-sante.gouv.fr/systeme-desante-et-medico-social/recherche-et-innovation/l-innova tion-et-la-recherche-clinique/appels-a-projets/article/leprogramme-hospitalier-de-recherche-clinique-phrc). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
Participants
Participants in the PreCARE cohort were all women ≥18 years registered to deliver or who delivered in these units (n = 10,419). For this secondary analysis, we excluded women who were born in or were native to other regions than mainland France or Sub-Saharan Africa (n = 5912). We also excluded women who gave birth before 26 completed weeks' gestation (n = 84) to avoid situations in which absence of active care of the newborn could affect the mode of delivery; and women who gave birth outside of the hospital (n = 11), women who gave birth in a non-participating hospital (n = 92), were lost to follow-up (n = 208) and for whom the mode of delivery was unknown (n = 20). Finally, our study sample comprised 4090 women from France or SSA. (Flow chart in Fig. 1 ).
Available data
Sociodemographic data were collected by self-administered questionnaires (one at inclusion and one during the postpartum period before discharge). These questionnaires were available in French and English. In case of a linguistic barrier or difficulties in reading or writing, help was provided by a research assistant or an interpreter.
Women's medical history and information about their pregnancy and delivery were collected by research assistants and practitioners by specific questionnaires completed in the immediate postpartum period and before maternity discharge.
The exposure of interest (i.e., maternal origin) was defined by the combination of the mother's place of birth and the self-declared geographical origin. This combination led to the classification of women into four groups: 1) women born in mainland France and originally from mainland France (n = 2206), 2) women born in SSA and originally from SSA (n = 1500), 3) women born in mainland France and originally from SSA (n = 378) and 4) women born in SSA and originally from mainland France (n = 6). Because of the small size of the two last groups and to limit heterogeneity within each compared group, we restricted our study population to the first two groups (n = 3706) which we refer to as "Fr group" and "SSA group".
Profiles of cesarean delivery among Fr and SSA groups were described and compared by the Robson classification [23] , which is recommended by the World Health Organization and based on objective parameters that are easily reproducible and clinically pertinent [24] . This classification defines 10 exclusive categories of women based on six factors: parity, previous uterine scar (including previous cesarean section and/or uterine scar after gynecological surgery), number of fetuses, fetal presentation, gestational age at delivery and onset of labor. Categories 1 to 4 generally concern "women at low risk": nulliparous or multiparous without uterine scars, singleton, cephalic, ≥37 weeks. Categories 5 to 10 concern "women at high risk": history of uterine scar, breech and abnormal lies, multiple gestations, preterm delivery. Complete definitions of each category are available in Table 2 .
Variables related to mother's medical history (maternal age, body mass index, parity, history of uterine scar, medical risk level at the beginning of pregnancy), sociodemographic characteristics (education, social deprivation, linguistic barrier, legal status, length of stay in France) and characteristics of the pregnancy (number of fetuses, adequacy of prenatal care, complications during pregnancy, large or small for gestational age, preterm delivery [i.e., < 37 weeks' gestation], fetal presentation, onset of labor, maternity unit of delivery) were used as covariates.
High medical risk level at the beginning of pregnancy, social deprivation and adequacy of prenatal care were defined as proposed in Linard et al. [22] . Complications during pregnancy was a binary variable defined as the occurrence of one or more of the following: gestational diabetes, diabetic ketoacidosis, pre-eclampsia, eclampsia, placenta abruption, HELLP syndrome, venous thrombosis, pulmonary embolism, severe sepsis, convulsions, coagulation disorder, cholestasis of pregnancy and complications due to uterine fibroids.
Statistical analysis
The Fr and SSA groups were described, and profiles of cesarean delivery by maternal origin were described by using the Robson classification. For each category of the Robson classification, the relative size of the category (number of women in each category divided by the total number of women), the cesarean rate (number of cesarean deliveries in the category divided by the number of women in the category), and the absolute contribution to the total cesarean rate (number of cesarean deliveries in each category divided by the total number of women) were calculated and compared between the Fr and SSA groups to identify the clinical category explaining most of the difference in cesarean rates.
Within the Robson clinical category explaining most of the difference in cesarean rates, analyses were performed for 1) cesarean delivery before labor (vs trial of labor) and 2) intrapartum cesarean (vs vaginal delivery) among women in labor. Multivariate logistic regression models were created to assess the direct effect of maternal geographical origin on cesarean delivery after adjustment for both confounding and intermediate factors [25] . The variables introduced into the models were those clinically relevant or found in the literature [15, 16] . To distinguish the effect of medical risk factors of cesarean delivery from the one of social risk factors, we used two models: one adjusting for medical risks and the other adjusting for both medical risks and social deprivation. The assumptions of log-linearity and goodness-of-fit were verified. The missing data rates for the variables included in the models ranged from 0 to 7.6% (details in Additional file 1: Tables S1 and Additional file 2: Table S2 ). To retain women with missing data in the analyses, we performed multiple imputations by chained equations [26, 27] . Imputed data were women's height and weight (to calculate the body mass index), medical risk level at the beginning of pregnancy, realization of ultrasound examinations (to determine the adequacy of prenatal care) and the estimation of fetal weight. The results of the models are presented as adjusted odds ratios (aORs) with their 95% confidence intervals (CIs). A sensitivity analysis was performed using an alternative definition of maternal geographical origin defined by mother's place of birth only, as recommended by the Reproductive Outcome And Migration (ROAM: an international collaboration) and EURO-PERISTAT [28] .
To discuss a potential selection bias, we compared the characteristics of the women included in the analysis (n = 3706) and women from the Fr or SSA group excluded because they gave birth in a non-participating hospital, were lost to follow-up or had missing data concerning their mode of delivery (n = 301).
All statistical tests were two-tailed and the threshold for statistical significance was 5%. Analyses involved use of Stata v12.1 (Stata Corp., College Station, TX, USA).
Results
Characteristics of women are in Table 1 . SSA women had more potential risk factors of cesarean delivery than Fr women: overweight, obesity, high medical risk level at the beginning of pregnancy, previous uterine scar (particularly multiple uterine scars), inadequate antenatal care utilization, complications during pregnancy, social deprivation, and low level of education.
The overall cesarean rates significantly differed between Fr and SSA groups: 16.8% (370/2206) and 30.5% (458/1500) (p < 0.001). Whatever the type of cesarean considered, rates were systematically higher in the SSA than Fr group. Rates of cesarean before labor were 6.3% (139/2206) and 14.9% (224/1500), respectively, and rates during labor were 10.5% (231/2206) and 15.6% (234/ 1500). Rates of planned and emergency cesarean before labor and rates of cesarean during labor by onset of labor are in Additional file 3: Table S3 .
Cesarean delivery profiles in Fr and SSA groups are presented in Table 2 . The differences in cesarean rates between Fr and SSA groups were notable in some of the Robson categories: category 5 (previous uterine scar, single cephalic, ≥37 weeks), 6-7 (all breeches), 8 (all multiple pregnancy) and 10 (single cephalic, ≤ 36 weeks, including uterine scar). The category explaining most of the difference in cesarean rates between the Fr and SSA groups was category 5 (difference in absolute contribution: 9.3%) by both a higher cesarean rate and a greater size of the category in the SSA than Fr group. We further subdivided women in category 5 into two subcategories: a single uterine scar (category 5A) and multiple uterine scars (category 5B). As compared with category 5B, showing high cesarean rate in both Fr and SSA Small for gestational age: estimation of weight < 10th percentile and large for gestational age: estimation of weight or abdominal circumference > 95th percentile f Defined as the occurrence of one or more of the following complications: gestational diabetes, pre-eclampsia, eclampsia, placenta abruption, HELLP syndrome, venous thrombosis, pulmonary embolism, severe sepsis, convulsions, diabetic ketoacidosis, coagulation disorder, cholestasis of pregnancy and complications due to uterine fibroids g In case of multiple pregnancy, presentation of the first fetus groups, for category 5A, the cesarean rates differ widely: 51.3 and 32.8% for SSA and Fr women respectively.
The association between maternal origin and cesarean delivery was then assessed within category 5A "single uterine scar, single, cephalic, ≥37 weeks". Characteristics of women are in Additional file 1: Table S1 and Additional file 2: Table S2 . Among the 318 women of this category, 69 had a cesarean delivery before labor, 71 had a cesarean during labor and 178 had a vaginal delivery. After multiple imputation and adjustment for medical factors, the association between maternal SSA origin and cesarean delivery before labor remained statistically significant (aOR = 2.30, 95% CI: 1.12-4.71), but when social deprivation was added to the model, the association was no longer significant (aOR = 1.45, 95% CI: 0.63-3.31) ( Table 3 ). The risk of cesarean delivery during labor was higher for SSA than Fr women after adjustment for medical factors (aOR = 3.02, 95% CI: 1.47-6.23) and remained high after adjustment for both medical and social risk factors (aOR = 2.95, 95% CI: 1.35-6.44) ( Table 4) .
The results of the complete-cases analyses were similar to imputed results (Additional file 4: Table S4 ). The sensitivity analysis with maternal geographical origin defined only by the mother's place of birth also provided similar results (Additional file 5: Table S5 ).
Women excluded because they were lost to follow-up, gave birth in a non-participating hospital or had missing data concerning the mode of delivery (n = 301) were younger, more often primiparous and socially deprived than those included in the analyses (n = 3706) (Additional file 6: Table S6 ).
Discussion
The wide difference in cesarean rates between SSA and Fr groups was largely due to women who had one previous uterine scar. Among these women, the increased risk of cesarean delivery associated with Missing data prevented the determination of the Robson category for 9 women of SSA group and 8 women of Fr Group SSA origin, whether performed before or during labor, was not explained by medical factors.
The main strengths of our study are its prospective and multicenter design and its large sample size. Help in completing questionnaires and their availability in four languages allowed for the participation of women with linguistic barriers or reading difficulties. The Robson classification provides an objective and clinically pertinent way to describe cesarean profiles. The richness of data collected in the cohort allowed for adjusting for main intermediate and confounding factors, both medical and socio-demographical [15] . The main limits of our study were the small size of women in the Robson 5A category, which limited statistical power, and the unavailability of information on complications during labor, such as fetal heart rate abnormalities and labor progression.
The increased rates of cesarean in SSA women, whatever the type of cesarean considered, were consistent with previous international literature [15, 29, 30] . Moreover, Minsart et al., using the Robson classification, also reported the important contribution of category 5 on differences in cesarean rates between native and SSA women in Belgium, which highlights the impact of the first cesarean delivery on subsequent deliveries for SSA women [30] . Further research is needed to identify modifiable risk factors of the first cesarean delivery and to understand the increased prevalence of women with uterine scar among SSA women.
To our knowledge, no previous study has assessed whether the differential use of cesarean delivery in SSA women was explained by medical factors. Indeed, in studies assessing the association between maternal origin and Table 1 cesarean delivery, adjustment was performed simultaneously on medical and social factors, which did not allow for an interpretation of their respective roles. Thus, in the United Kingdom, Essex et al. found no significant association between mother's ethnicity ("black" vs "white") and cesarean delivery, whether elective or in an emergency, after adjustment for both medical and social factors [31] . Conversely, Von Katterfeld et al. found a significant association between mother's country of birth (SSA vs Australia) and cesarean delivery, whether elective or in an emergency, after adjustment for both medical and social factors [32] . These heterogeneous results may be explained by methodological discrepancies (various definitions of maternal origin, classification of cesarean delivery and variables for adjustment), and national specificities of minority populations as well as barriers for access to care. No studies were performed specifically of the Robson 5A category. Our results suggesting that medical factors do not explain the increased risk of cesarean delivery before labor among SSA women in the Robson 5A category highlight the fact that social deprivation play an important role in this association. Social deprivation in the group of women originated from SSA may be a marker of more recent migration, which may affect the decision for cesarean delivery before labor because of a possible apprehension from physicians to perform a trial of labor in cases of uterine scar when the surgery was performed in Africa. The role of social deprivation might also reflect medically unjustified differential care according to socioeconomic status, thereby demonstrating the poor capacity of women in the Table 1 least favorable social positions to negotiate care. Low health literacy that may be due to a disadvantaged social context or to a recent migration may hinders the chance of women's participation in the decisions that concern her. One limitation of this study was that we had no data to assess literacy in women's health. For cesarean delivery during labor, the persistence of an increased risk among SSA women after adjustment for both medical and socioeconomic factors could be explained by a different pattern of labor between native French and SSA women. In fact, several authors described specific features of the pelvic anatomy in women of Black African origin [33, 34] . These features could lead to more complications during labor or may need appropriate management, as suggested by older studies [35] . These older notions, inherited from physical anthropology and scientifically questionable methods, may no longer be valid today with the later age of puberty and women's less exposure to heavy loads and less likely exposure to childhood poliomyelitis. Further research is needed to assess the impact of maternal ethnicity on pelvic morphology and the progress of labor.
A more robust hypothesis is that the difference in cesarean rates could be explained by communication factors. A linguistic barrier preventing good communication on symptoms, advice and explanations could more frequently lead to cesarean delivery during labor [36] [37] [38] [39] . The management of pain might differ by maternal origin and may influence the mode of delivery. Finally, the existence of implicit bias (unconscious negative feelings or stereotypes against a group) has been highlighted among healthcare professionals [40] [41] [42] . This bias can lead to medically unjustified differential care, particularly in uncertain or stressful situations such as delivery [40, 43, 44] . Improving intercultural communication skills among health care providers and raising awareness of implicit bias may help reduce the gap between the cesarean rates of French and SSA groups by preventing non-medically justified cesarean deliveries. Studies using mixed methods are needed to test these hypotheses.
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Availability of data and materials
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